 Tables:   Supplementary Table 2 
CAGE cells and RCNH(t) NS cells. E: Morphology of hybrid colonies formed by fusion of RCNH(t) NS cells with the indicated ES cell lines (EF4 cells overexpress Nanog). Hybrids
were cultured for 15 days; puromycin was applied after 1 day; hygromycin application was delayed until day 4 to allow reprogramming of the NS genome. 66.6%<Medium>33.3%; Low<33.3%).
Supplementary Experimental Procedures
Kidney capsule grafts, recovery and processing Engraftments were performed as described elsewhere (Tam, 1990) . 4 weeks after the graft was performed, the mice were sacrificed and the kidneys removed in PBS. After imaging, the tumour and kidney were fixed in 4% paraformaldehyde (PFA) between 1-7 days depending on tumour size. After fixation, the kidneys were dehydrated through ethanol series, cleared in xylene and embedded in paraffin wax before being sectioned in a microtome.
Derivation of EpiSC from ES cells
EpiSC were derived in vitro from ES cells as described (Guo et al., 2009 ) and passaged by incubation with 1x accutase (Sigma, Catalogue no: A 6964) for 5min and then triturated into small clumps of 10-100 cells, neutralised with EpiSC medium and replated at the appropriate dilution. Subsequent passages were performed every 5-6 days. Esrrb exon2 or exon 6 were performed. For each sample, Esrrb exon 2 copy numbers were normalised against exon 6 copy numbers, to correct for errors in the quantity of genomic DNA used per reaction. Exon 2/exon 6 ratios are shown relative to untreated Esrrb f/fn cells.
Derivation of Esrrb
Standard curves of all primers were performed to check for efficient amplification (above 85%). PCR primer sequences and UPL numbers are available on request.
RNA isolation and quantitative real-time RT-PCR
Total RNA from cultured cells was isolated using the RNeasy microkit or minikit (Qiagen), and performing on-column digestion with DNase I (Qiagen). Reverse transcription reactions were performed on 30 ng-2ug of total RNA in a final volume of 20µL with 100U of SuperScriptIII (Invitrogen) and 200ng random hexamers (Invitrogen) or 250ng of oligodT [12] [13] [14] [15] [16] [17] [18] (Invitrogen) primers at 42°C for 60 minutes. Real-time RT-PCR reactions were performed in triplicate in 384-wells plates with a 480 LightCycler (Roche) using LightCycler 480 SYBR Green I Master (Roche). Five microliters of cDNA or immunoprecipitated chromatin were used per reaction. Standard curves of all primers were performed to check for efficient amplification (above 85%), and all melting curves were generated to verify production of single DNA species with each primer pair. PCR primer sequences are available on request.
Values for each gene were normalised to expression of TATAbox Binding Protein (TBP) or 28S rRNA (For flavopiridol treatment experiments).
Immunohistochemistry
Cultured cells were fixed in 4% PFA for 10 min at RT. Permeabilisation was done with PBS/0.1%v/v TritonX100 for 15 min at RT. Blocking was performed as above, but for 30 min at room temperature. Primary antibodies were diluted in blocking buffer to the working concentrations indicated below and applied for 1-2 h at RT or overnight at 4 °C. After three washes in PBS/0.1%v/v TritonX100, secondary antibodies were diluted to 2μg/ml in blocking buffer and applied for 1 h at RT. The cells were washed at least three times in PBS/0.1%v/v TritonX100 and in selected cases nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI). Primary antibodies were used at the following concentrations: Nanog (ab14959, Abcam), 2.5ug/ml; in-house made anti-Nanog rabbit polyclonal, 1.2-0.25 g/ml (Chambers et al., 2007) ; Oct4 (sc-5279, Santa Cruz Biotechnology), 1 μg/ml; Sox2 (sc 17320, Santa Cruz Biotechnology), 1μg/ml; Esrrb (PP-H6705-00, Persaeus Proteomics), 1 g/ml; TuJ (MMS-435P,Covant), 1 g/ml.
Imaging
Images were captured using Volocity (Improvision) software in an Olympus IX51 (for cultured cells), or an Olympus BX61 (for teratocarcinoma sections). Image processing was performed using Adobe Photoshop software. ESN-NERT cells stained for Nanog were imaged using a Leica DM IRE2 inverted confocal microscope (Leica Microsystems).
Reversion of EpiSC to Epi-iPS cells by stable integration of defined factors
To establish Cre-revertable transgenic EpiSC lines, 5 x 10 6 RC EpiSC were nucleofected using the Amaxa nuclefection kit (VPH-1001) with 10μg of one of the following vectors: 
PEG mediated ES x NS cell fusion experiments
RCNH(t) NS cells were derived from the RCNH(t) ES cell line by neural differentiation in monolayer, as described elsewhere . NS cells were propagated in NS cell expansion medium in the presence of FGF and EGF (Conti et al., 2005) . For all fusions: 4x10 6 ES cells were fused to 4x10 6 NS cells as previously described (Silva et al., 2006) and plated in LIF/FCS/GMEM. For E14Tg2a, Nanog and EfEsrrb ES x E14/T NS fusions (Nanog +/+ ): puromycin and G418 selections were applied one day after fusion and cell hybrids were cultured for 14 days prior to colony scoring. For Tc44Cre6 and ESN-CAGE x RCNH(t) NS fusions (Nanog -/-): puromycin and hygromycin selection were applied one day and four days after fusion respectively. Cell hybrids were cultured for 14 days prior to colony scoring. For ESN-iNanog and ESN-iEsrrb x RCNH(t) Red NS fusions: blasticidin and hygromycin selection were applied one day after fusion and cell hybrids were cultured for additional 15 days prior to colony scoring. Doxycycline was added only to the required plates and kept for the duration of the experiment. For ESN-iNanog Blue and ESN-iEsrrb Blue x RCNH(t) Red NS sorted hybrids plating: 48 h after fusion cells were trypsinised and stained with 7-AAD (Molecular Probes). 7-AAD negative hybrids (live cells) were purified based on the concomitant expression of EBFP and TdTomato using a FACS-ARIA cell sorter (Becton, Dickinson). After sorting, cell purity was determined using the same FACS-ARIA cell sorter or a LSRII fortessa flow-cytometer (Becton, Dickinson) and data was analysed using the FlowJo software suite (Tree Star). Purified hybrids were replated in LIF/FCS/GMEM. Blasticidin and hygromycin selections were applied one day after sorting and cell hybrids were cultured for additional 15 days prior to colony scoring. Doxycycline was added to the culture medium for the duration of the experiment.
NS cells retroviral transduction for generation of pre-iPS cells
For virus preparation, 10 6 Plat-E cells per 10mm dish were seeded in FCS/GMEM without LIF on the day before transfection. Separate dishes of Plat-E cells were transfected with 3 g of either pmX-Oct4, pmX-Klf4, pmX-cMyc or pmX-dsRed (Takahashi and Yamanaka, 2006) using 27l of Fugene6 (Promega). 24 hours after transfection the medium was replaced with 10ml of fresh GMEM/FCS and supernatant collected after additional 24 hours. Freshly harvested supernatants were filtered through a 0.45 m cellulose acetate filter, pooled and supplemented with 4 g/ml polybrene (Sigma). 2ml of pooled viral supernatants were added to NS cells replated at a density of 10 5 cells per 35mm dish one day before. 24 hours after infection viral supernatants were removed and NS cell were cultured for 2 additional days in NS cell expansion medium. Infected NS cells were then transferred to GMEM/FCS/LIF.
When pre-iPS colonies started emerging, cells were replated on STO feeders in complete ES cell medium with LIF and expanded for successive experiments.
Doxycycline timecourse analysis of pre-iPS to iPS conversion
10 5 pre-iPS cells were replated on STO feeders in 35 mm dishes and cultured in LIF/FCS/GMEM in the presence or absence of 1 g/ml doxycycline. After 2 days (Timecourse Day 0) cells were transferred to LIF/FCS/GMEM containing 1g/ml doxycycline, 3M 5-azacytidine, 1g/ml doxycycline and 3M 5-azacytidine or no drugs.
Pre-iPS cells were collected everyday for 6 days for analysis using trypsin and replated in ungelatinised 10mm dishes to allow STO feeders attachment. After 1 hour unattached cells were collected and DsRed and GFP expression quantified by flow cytometry. DAPI staining was used to exclude dead cells from the analysis. seconds OFF subcycles at maximum power. The chromatin was then transferred into 1.5ml
tubes and centrifuged for 30 minutes at 14000rpm at 4°C. Soluble chromatin was divided into 250ul aliquots and stored at -80°C until use. Twenty microlitres were set apart and used to quantify the chromatin concentration and the size of the DNA fragments on a 1.5% agarose gel.
Chromatin ImmunoPrecipitation (ChIP)
For each experiment, the required amount of chromatin was thawed and pre-cleared for 1 hour and 30 minutes rotating on-wheel at 4°C in 1 ml of TSE150 containing 50µl of pA/pG sepharose beads (Sigma) 50% slurry, previously blocked with 500µg/ml of molecular grade BSA (Roche) and 1µg/ml of yeast tRNA (Invitrogen).
Pre-cleared chromatin was centrifuged at 3000rpm for 1 minute and the supernatant transferred into fresh tubes so that 20µg of DNA were used per ChIP. In addition, 20 ug of diluted chromatin was set apart for input DNA extraction and precipitation.
Immunoprecipitation with in-house made anti-Nanog rabbit polyclonal (2 g /ml) of or anti-RNAPII (Euromedex) (2 g /ml) antibodies was performed overnight rotating on-wheel at 4°C in a final volume of 500µl of TSE150. Immunocomplexes were recovered with 50µl of blocked pA/pG sepharose beads 50% slurry for 1h and 30 minutes rotating on wheel at 4°C.
Beads were recovered by centrifugation for 1 minute at 3000rpm and washed 5 minutes rotating on-wheel at RT with 1ml of buffer in the following order: TSE150, TSE500 (0.1% SDS, 1% Triton, 2mM EDTA, 20mM Tris-HCl pH8, 500mM NaCl), washing buffer (10mM Tris-HCl pH8, 0.25M LiCl, 0.5% NP40, 0.5% Na-Deoxycholate, 1mM EDTA), and twice in TE (10mM Tris-HCl pH8, 1mM EDTA). After the last wash, elution was performed in 100µl of elution buffer (1% SDS, 10mM EDTA, 50mM Tris-HCl pH8) for 15 minutes at 65°C after vigorous vortexing. Eluates were collected after 1 minute centrifugation at 14000rpm in a benchtop microcentrifuge, and the beads rinsed in 150µl of TE-SDS1%. After 1 minute centrifugation at 14000rpm, the supernatant was pooled with the corresponding first eluate.
For both immunoprecipitated and input chromatin samples, the crosslinking was reversed by incubation overnight at 65°C, followed by proteinase K treatment (Invitrogen), phenol/chlorophorm extraction and ethanol precipitation. DNA pellets were resuspended in 200µl of water. Real-time quantitative PCR reactions were performed as described. Results are presented as the average of the ChIP over input ratios normalized to enrichment detected at the Acidic Ribosomal Phosphoprotein p0 (Arbp or ArpP0) locus in three independent experiments performed on chromatin preparations from ESN-NERT c1, c2 and c3 ES cells.
Neural differentiation assays and laminin coating 5 x 10 4 cells were plated in 6 well plates coated overnight with Poly-L-ornithine 0.01% (P4957,Sigma), washed and coated 2 hours with laminin (CC095, Millipore) 5 g/ml in PBS.
Cells were culture in N2B27 alone (or supplemented with BMP, LIF, or BMP/LIF; made inhouse) for 9 days, fixed and stained as described.
ESN-NERT timecourse microarray analysis
1 x 10 6 ESN-NERTc3 cells were plated in separate T25 flasks (IWAKI) one day before stimulation. Cells were incubated GMEM/FCS/LIF containing 1M tamoxifen for the indicated time and harvested by trypsinisation. RNA was prepared using a RNeasy minikit (Qiagen). 100 ng of RNA were reverse transcribed into ds cDNA and transcribed/amplified into biotin labelled cRNA using an Illumina TotalPrep RNA Amplification Kit (AMIL1791, Ambion). Labelled RNA was submitted to the WTCRF MRC Human Genetics Unit (University of Edinburgh) for further processing. cRNA quality was checked using a Agilent 2100 Bioanalyser and hybridization performed on an MouseWG-6 v2 BeadChip (Illumina).
Raw data was processed in R using the beadarray (Dunning et al., 2007) and limma (Smyth, 2005) packages from the Bioconductor suite (Gentleman et al., 2004 ) Briefly, we first removed low-quality probes from the input data and then normalized sample-effects by centering individual replicate groups around the 0-hour baseline. The data was subsequently quantile-normalized and log2-transformed before assessing differential expression with the limma algorithms. We considered genes differentially expressed which had an FDR-adjusted p-value of at most 0.05 and a fold change of 1.5 or more for at least one time point in comparison to the 0-hour baseline.
DeepSAGE Library Preparing and Sequencing
We collected RNA and submitted the material for sample preparation and sequencing following the manufacturer's protocol for tag profiling using the NlaIII restriction enzyme at the GenePool core facilities of the University of Edinburgh. The RCN(t) (1 library) and RCNβH(t) (2 libraries) samples were sequenced on a first generation Illumina/Solexa Genome Analyzer and the sorted TNG samples were sequenced at a later time point on an Illumina GAII.
Short Read Data Processing
Data analysis of short read sequencing libraries was performed using GeneProf (Halbritter et al., 2012) . Briefly, reads were trimmed to the significant 17nt portion corresponding to the tag sequence and extended by the known recognition sequence of the NlaIII digestion enzyme (CATG). The libraries were then filtered removing low-quality reads and aligned to the Mouse reference genome (NCBIM37 assembly) using the Bowtie alignment tool (Langmead et al., 2009) . Aligned reads were compared to known gene models (GeneProf reference dataset based on the Ensembl 58 database (Flicek et al., 2011) ) to calculate read counts per gene, which were then quantile-normalized. We considered as differentially expressed those genes that exhibited a 1.5-fold change between groups and had a minimum (normalized) expression level of at least 10 in at least one sample.
